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.4 bstract 
In this paper, an optimized injection line for PILAC, the 

proposed Los Alam- Pion Linac, ia presented. With the 
olher optimized componenls (pion source, accelcralor, and 
high-resolulion beamline and spectrometer), the sy8rem ir 
capable of deliverin? 10’ 92b1MeV pions per second to the 

target. 

I. INTRODL”CTION 

The injection line lransporle beam from the pion source 
to the accelerator. The requiremenln for Ihis line are dis- 
cussed and its properties are described. lsruer concerning 
the linear transport are touched upon, but the emphmir ir 
on thr tuning process for th#,: nonlinear element0 ueed for 
aberration correction. The >eam-opticr code MARYLIE 
[I] WIM used for all nonlinear optimixeticms and to evalu- 
ate the performance of the lice. The line WM optimized 
for MO-XleV pions (perk of pion production) but, in ac- 
cordance lvith specificationr, can tranrport pions of up to 
:iDO MeV. 

:\. fh?onlrlry 
‘I’lw line must be .W short M pmrihle. After 20 m, half of 

rhc MO-SlcV pionr will hew decayed. There mual be luf- 
licirnl ly long drifts to put radiation shielding for the mag 
stir rlcments. Pion producLion ia peaked in the forward 
Oirrrtion, favoring a trrc+degree iluection syrlem. Con- 
rcqurntly. the line murl feature a bend to rubrcqucntly 

srparntr pmns from protons. 

II. .\l;rrrfrrIl~ 

‘l’hv linr IIIII~~ providr a tranevcrsc rnd longitudinal 
Illntrh IIVLW~PII target snd accelerator. Itnnrverscly, thr 
wall-sizr. hlqh-divergence beam from the pion murce (in 

‘l‘17;\xsl’olrI’ p] notation dacribed by z = 0.45 cm, 
I’ = 50 Inrad. rll = 0. y = 0.45 cm, g’ = 50 nrrsd, 

94 = 0) murl hr maWled to rhe acce)ersLor accep- 

t RIIW (c = B.H4S cm, z’ = 0.479 mrad, rla = -0.429, 

y = 5.Ml cm, d =. d.924 mrstl, ra4 = -0,817), Longirudi- 

~nlly, an upright hrnm rovering f4S ylwc and flH MeV al 
t.hc pion sourrP (a = I .:I rm, dy/po = 3.32%) ir rrrrptrd 
hy the nrrrlrrnlor, prnvidrd the beam correlation in Lhal 

whirli wc~ultl hr n*n after lrnvcrrd of an I I-m drifi. 

C. Aberration Correction 

The line muat have a layout conducive to placement of 
nonlinear elements. Because bolh the tranavcrse rmitranclr 
and rhe momentum bite of Ihe beam Iransported hy I hr 
line are large (2?.5 r: cm-mrad and + 3.32%,, rcsperrlvrly). 
the beam will bc severely degraded by both chromallr ;rnll 
geometric aberrations unlm sextupolea and octup,;h~s ;~rr. 
added to cancel the most detrimental of these abrrral IOIIS 

III. PROPERTIES 

The injection line l~ae a length of 20.083 m RIVI rnnslsls 

of a matching w&ion followed by a 90’ hend ( FiE I) 

I’ I ! 

Figure 1. Layour oi Lhe PILA(.’ zrrclclr#rrr IIIJF~II~UI IIIW 

Thr matching srrlion providrs thr prn,t*r tr:rnsvrruc~ 

match between pion source and rccrlrrator in I hr II~III- 
mc pcmsible configuration. ‘I’hr firer tlo,lhlr! ~~II.*I~I* 11f 

Lw3 ahan focusinfl elcirir~itn. IL -rprewnls R rnltlprrWll~r 
hrtwccn compactnrw of derign (rompcnrnt npsring ~~1 III- 
mrnrionr) nnd pole-lip field atrcngrh Strnng frrru3lng M 
clorw Y poaaiblc to the pion M’WCC nunillllzrs IMII h chr(b 
lnslic and geometric ahrrrationr. llorrvcr, n 0.5 III llrlfl 
hrtwrrn the pion nourr’e nn0.l thr first qrlntlrupc+ III IIW~I~~~I 

for radialion shielding. 
‘I’hr W hrnd hM the componrnt Input d firs! Ivlll-r 

focur of a srrond-order nchromst [J]; itr LrnnnvrrW I rm4w 



. 

matrut ia the unit matrix. Because the accelerator input 
beam transports well through the bend, it is pcaeible LO 
perform the trans\ :ne matching entirely upstream of the 
bend. The beam site in the bend is largely governed by die 
pprsion. An FD lattice haa a noticeably smaller dispersion 
than a DF lattice of the same geometry. Fcr FD lattices, 
varying the dipole edge anglea haa an insignificant effect. 
C’onsequently. parallel-pole-face dipoles were assumed. A 
bend angle per dipole of 22.5’ resulta in an equivalent drift 
for the line of 11.06 m for MO-MeV pions (5.10 m for 533 
\!eV pions). There ia a l..Sm drift between dipoles and 
F-quadrupoles to accomplish the separation of pions from 
protons. 

The line features four sextupole pairs and four octupoler 
to corrccc the most detrimental chromatic and geometri,: 
aberrations. For compactness, the nonlinear elements are 
placed inside the quadrupoles. 

IV. TUNING OF SEXTL’POLES 

Sextllpolcs in the dispersive sections of the injection line 
influence second-order chromatic aberrations. Tuning of 
hesir sextupoles to produce a second-order achromat is 

rompared with the tuning of the PILAC injection line, 
which producea a line with output-beam Twirs parameters 

(3,. Q,, d,, LI”) that do not linearly depend on momentum. 
In eitter ceu~, pairs of sextupoles ure placed such that the 
srrond-order geometric abcrrationr caused by individual 
scxtupoles are cancelled. However, crcmr-coupling of the 
~xtupole pairs generater residual third- and higher-c&r 
~Ihf’riiIliolla. 

.\. Serorid-Orrler Achromat 

A arcontl-order achromat consirts of four Identical cells 
wit II !W ~II~JC dvrrnre per cell, rach containing bending 
:~ntl foruping &mentn. This automatically lcsds to a first- 
Ilrflc~r achronlal with Rlfl = 0 nnd Rae = 0. 

‘I’wo families of sextupolc~, placed in identical pcmitionr 
IV PRCII VII and tuned so t.hat the horizontal und verti- 
~-al rhromsticities arc zero, cause all second-order chre 
mat IC trnnskr-matrix rlcnr!nts to vanimh except I&,, the 
Illlnllrntic cl~~end~nrr of longitudind paition on momen- 
IIIIII. ‘I’lrr rmulting brnd is called allccond.order achromat. 

‘1’1~ ~~lntrhrrl l~4nl of thr brnd, whrn rrnt I IlrnuRh the 
IW1141 wit Ii ~rx111p0l~ frvnilim turn4 off, IIM out put-bchrn 
I’WM l)nram*tf*r3 Ihal do not linearly dcpencl on momrn- 

I IIII~. II~~wcv-i, I hcnrr are other trrnsvrrw nnd longitudi- 

n:rl rlimiinlir :brrrntionr, inanifeoting lhcrnaelvm. for in- 
~I~IIW. III thv nllrlzcrn rhromaticitia. Bcnrm nther than 
I III- Illntchvd IWIUII IIHW a linrnr clrpcnclcncr of the r~tpu~- 
IW;\IN ‘I wi.w pnrnmrtrrs OII IIIOIIICII~III~, which gets acrorcl 

~111 ).IIF two Ircxtupolc! fullilieo, whcnu scttil:Rr nrc lww 

Illl:r~prllrlCI ‘.. 

N’hrn n III~~C~IIII~ nertion prccrtlcs thr jurt-mentIoned 
~,~*r~m~L)r~lrr nrhromnl, 111~ nutpul brrun rxhihils lhr rhrtr 
mnl ir nhrrrnlioii~ rnu4 tby lhr qun~Irul&a in lhr Iiinlrh- 
iiig srrlinn Otrr ronlilllirn to havr I(lfia = It,as = 0 Rlld 

&~a = the = 0, but all other previously zero second- 
order chromatic transfer-matrix elements are nonzero. 

For an output beam intended to match to the transverse 
acceptance of nn accelerator, the quantities that shauld 
not exhibit aberration0 are the Twti parameters. l’sing 
MARYLIE, the linear dependences of the Twiss paramc- 
ters on momentum were zeroed for the line using four pairs 
of sextupoles. Xe procedure does not work for a line in 
which the matched beam goes through the bend. 

V. TUYIINC OF OCTI’POLES 

Once the scxtupolea are properly tuned. nctupoles ran 
be ueed to correct soomc of the third-order aberrations. Oc- 
tupola in the dispersionless sections of the inJection line 
are used to influence third-order geometric ahrrral~ons, 
end octupol~ in the dispersive sections to inHuenrr I hlr(l- 
order chromatic sberrationr. 

Because there are many nonzero third-. dcr grQmPtric 
transfer-matrix elementa, an inlorrned selection must hr 

rnde. For a line accomplishing a irue point-t*parallrl 
focus. there arc three Lie polynomiab that, when zrroPI1, 
rlirnmate all third-order g-metric aberrations diRtorlmq 
the output beam. The injection-line focus is apprnxlrna~rly 
a point-tepardlel focus. There Lre only two mdepend*nt 
octupole posItions in the disperrionless arctiona of the, III- 
jection line (as deduA from very large getting9 whrln 
uaing three ortupoler to zero all thrw Lie polyr\onli;rlY\. 
The third-order geometric abrrrstions ol thr inprtivi IIN 
are cauwd rnoatly by qundrupole fringe fwltls. WIII~II arc’ 
treated in MAR1 LIE in hard-edge spproxlmntion. ‘1’111, 
second quadrupole In the mutching scrtion. in whlrh IIIP 
bcarn ir large vrrtically, i a major rontrihulor IO lhersr 
sberretions. Thus, two octupol~ wcrc ii*11 to brro t In-m 
LWO Lie polynomiab lhat caunc shcrrations III rhr vrr~~ral 
phnae spare. 

Two octllpoler in the disperrivc acctioii d fhr liiip wcr* 
used to zero two Lie polynomialr that sigulfiranrly WI- 
tribute to the tlcpendencr! of t.he horiaontnl p,artlrlc I’llor- 
tlinatcs on the cube of the momentum. 
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Figure 2. Transverse and longitb4ind pl ce-space projectionr ol the output heam for the injcctiou IIIW 
(a) in linrsr approximation, (b) without nonlincsr clementm, and (c) with nonlinear elementr. 

wlaitlerecl cnptllreci if its output-herrnr coordinsler lie in- 
WIV LIW twtrdimensiond ellipm defining the trsnmveree M- 
opt anr’o ol the ncrclcrsror. Tl~e longitudind output-barn 
~wnr11111e~aw of thr pion were not t&n into canmiderstion. 

For ~hr injrction line M described, 62.23% of the picr.0 
IV III thr lrail8vcrnc acceptance or ltie screlerslor. Ohly 
:,ri MA 4 I III. pinns arc captured when the IronlineN bc~m- 
liw &IIIC~~S are turned off. Pion decay in not folded Into 
IINW tlumhl~ra. Figure 2 rhowr the ZIZ~, 2~24, and %sila 
+I,nar-spncr projrcti0r.s of thr output beam for the injcc- 
III)II lw (a) in linrnr q~proxiriistion, (b) withoul nonlin- 
rlnr clcmrntr, nnd (c) with rmnlinrsr rlcnwntr. In (h), lh(! 

butt ,*rlly ahaye r~hluartcristic~ d chromatic rl)crrrlionr is 
~~lrnrly visihlr hrlrizontdly I~IIL tn Innaked vcrti~~dly hy the 
3lroiifl third-orclchr grnnwlrh ahrrrrlianr from quxdrupolr 
lrliigF lif4tlfi. 

‘I’llr nutllor thnnkr Kinrl I’lrnwn, rnperinlly br pnintiafl 

out the ned [or strong bcusing rloec! t.o the plon .wurre. 
and Filippo Neri for deriving the exprmslons Ior thr mm 

mentum dependence of the output-brsm Twior pmrhmr- 
tern, for modifying MARYLIE to sllow optllmzing lhrsc. 
qusntitics, and for prrti*ipsting in ~OIIII~IW~ oliscuaalona 
ahout YAItYYI.IE nnd Lit: algrbrs. 
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